The most frequently encountered non-pigmented tumor of the ocular surface is ocular surface squamous neoplasia (OSSN). Over the past two decades, the pharmacological management of OSSN has grown, with topical 5-fluorouracil, mitomycin, and interferon alpha 2b all being successfully used to treat this disease. Other agents, such as anti-vascular endothelial growth factor (VEGF), retinoic acid, cidofovir and Aloe vera, have less frequently been used in the treatment of OSSN. This review will discuss these pharmacologic agents, summarizing available data and presenting the approach to the treatment of these tumors.
Background
Ocular surface squamous neoplasia (OSSN) encompasses a spectrum of corneal as well as conjunctival lesions ranging in severity from epithelial dysplasia to conjunctival intraepithelial neoplasia in situ to invasive squamous cell carcinoma (SCC). Although OSSN is typically a localized and slow growing tumor, it can rarely invade the sinuses, orbit or the globe [1] . OSSN most often originates from the limbus and lesions are often localized within the interpalpebral fissure, corresponding to areas with sun exposure [2] [3] [4] . While the majority of OSSN lesions are non-pigmented, pigmented variants do exist, especially in Africa [5] .
Epidemiology OSSN incidence has been reported to range from 0.13 to 1.9 per 100,000 individuals, and varies with geography, with higher incidences in areas of greater sun exposure (such as Africa) as compared with areas with less sun (such as Denmark) [6, 7] . Men in their 6th decade of life are commonly affected, but these lesions can also occur in younger individuals, especially when associated with xeroderma pigmentosum (XP) or human immunodeficiency virus (HIV) [8] [9] [10] [11] . Studies in Africa report an increased incidence of OSSN in individuals with HIV compared to non-infected individuals [9, 12] . Furthermore, the biology of OSSN is more aggressive in African American individuals with HIV, with more frequent invasion into the orbit than is seen in individuals with HIV in western countries [13] .
Risk factors
Risk factors for OSSN include environmental and genetic factors, with the strongest risk factor being exposure to ultraviolet (UV) radiation. As with cutaneous malignancies, UV can damage DNA and lead to the development of cancer promoting mutations [14] . Individuals with XP are at an increased risk of UV-induced cell damage due to an inability to repair mutations in the DNA [10, 15, 16] and are thus more susceptible to both ocular surface and cutaneous malignancies [17] . Another possible risk factor is the human papilloma virus (HPV) which has been found more frequently in OSSN specimens compared to healthy conjunctiva [18] , although the frequency of detection varies with region (low in countries such as India, Germany and Taiwan but high in cities such as Miami, Florida). HPV-induced carcinogenesis has been attributed to the ability of its oncoproteins, specifically E6 and E7, to target and interact with host cellular proteins, such as p53, and to enhance degradation of normal proteins [19] . Finally, immune-suppressive and immune-deviated states, such as in HIV and atopy/allergy, have been associated with OSSN, likely due to impairment in tumor recognition by immune cells [9, 15, [20] [21] [22] .
Main text
Clinical presentation OSSN typically presents unilaterally, but it can also be bilateral, especially in individuals with XP, HIV, and atopic states/allergy [23] . OSSN has several classic features, which can be present in isolation or in combination, including leukoplakia, opalescence, papillomatous or gelatinous features, abnormal vascularity (presence of hairpin vessels), and irregular corneal borders [10, 24, 25] . OSSN most frequently originates at the limbus and can extend into the cornea or conjunctiva but can involve either of these structures in isolation [24, 25] . Due to the shared risk factor of UV exposure, OSSN can be associated with other ocular surface lesions such as pterygia and pinguecula, and often these lesions can co-exist [26] . Individuals with OSSN can be asymptomatic and their tumors are often identified incidentally on a routine eye examination. Others can present with bothersome symptoms, including persistent tearing, redness, grittiness or pain.
Diagnostic modalities
The diagnosis of OSSN is usually made clinically. Vital dye staining with rose bengal, toluidine blue, or lissamine green can help determine the diagnosis as well as to outline the borders of the tumors [27] [28] [29] . Confirmation by pathology after incisional or excisional biopsy is considered the gold standard for diagnosis. Other less invasive modalities including fine needle aspiration biopsy, impression cytology, or exfoliative cytology have been used to sample tissue [24] . Imaging modalities such as high resolution segment optical coherence tomography (HR-OCT), confocal microscopy and fluorescent microscopy have more recently been reported to aid in the diagnosis of OSSN [24, [30] [31] [32] [33] [34] [35] [36] [37] . HR-OCT is the imaging modality most frequently used in our institution for the diagnosis and monitoring of OSSN [31-36, 38, 39] . OSSN has a classic appearance on OCT with three characteristic features: (1) hyperreflective, (2) thickened epithelium with (3) an abrupt transition point between normal and abnormal epithelium (Fig. 1) . A study of 34 individuals with OSSN or with pterygium found a 94% sensitivity and a 100% specificity of a ultra-high resolution custom OCT device in differentiating OSSN from pterygium, using an epithelial thickness cut off of approximately 140 μm on OCT images [34] . Similarly, another study of 21 lesions of OSSN or of pterygium found a 100% sensitivity and specificity of the RT Vue (Optovue, Fremont, CA) in differentiating these conditions with an epithelial thickness cut off of 120 μm on OCT images [33] . Other studies have shown that distinctive features on HR-OCT have been able to rule-in and rule-out OSSN in the setting of co-existing ocular surface diseases (such as rosacea, limbal stem cell deficiency, mucous membrane pemphigoid, pterygia, pinguecula or Salzmann's nodular degeneration) that can make the identification of neoplasia challenging [33, 35] . Advantages of OCT are that images are easily and quickly obtained in a non-contact manner. However, limitations of the technology are that the region of scanning is manually determined by the technician and as such, without automated scanning technology of the entire ocular surface, areas of subclinical disease may not be captured. Furthermore, shadowing can obscure the depth of penetration especially in thick tumors and the tumor invasion cannot be detected [24, 25, [32] [33] [34] [35] [36] . HR-OCT can also play a role in the ongoing surveillance of OSSN, especially in identifying residual sub-clinical disease despite apparent clinical resolution.
Confocal microscopy has been used less frequently for the diagnosis and monitoring of OSSN, but has shown some utility [30, 37] . On confocal microscopy, large areas of superficial cell and keratin debris can be seen with loss of the normal structure of the conjunctival epithelium and corneal basal epithelium, papillomatous organization and large fibrovascular cores. In vivo cyto-morphologic studies using confocal microscopy can help elucidate abnormalities at the cellular level including high nuclear to cytoplasmic ratios, pleomorphism and hyperreflective and indistinctly bordered cytoplasm [37, 40] . Advantages of confocal microscopy include its ability to examine neoplastic tissue in 5 to 20 μm sections as well as at the cytologic level. Disadvantages include the small area of visualized tissue, the lack of cross-sectional visualization, and the inability to effectively illuminate and reflect through keratinized and necrotic neoplastic tissue. Thus, interpretation of confocal images can be more challenging in tumors than when imaging optically transparent healthy corneal and conjunctival tissue [37, 40] .
Differential diagnosis
Several other lesions must be considered in the differential diagnosis of a corneal or conjunctival OSSN including pterygium, pinguecula, corneal pannus, Salzmann's nodular degeneration, pyogenic granuloma, as well as amelanotic melanoma [24] .
Treatment
Surgical removal has been considered the gold standard of care for OSSN [41] [42] [43] . Surgery has the advantage of serving as both a diagnostic and therapeutic procedure, providing both an accurate histological diagnosis and rapid tumor resolution. However, surgery has potential disadvantages including limbal stem cell deficiency or conjunctival scarring and leaving residual disease that can lead to subsequent tumor recurrence. Given these potential disadvantages, topical chemotherapy has become a popular alternative to surgery [41, 42, 44] . Advantages of topical therapy include treatment of the entire ocular surface which can address areas of subclinical disease, as well as a lower conjunctival scarring risk [45] .
Surgical treatment
Surgical removal is still a widely used approach for the treatment of OSSN, especially in lesions that affect < 4 clock hours of limbus [43] . Excision is generally accomplished with wide margins, typically 4 mm, using a no-touch technique. Cryotherapy of the limbus and conjunctival borders in a double freeze/slow thaw manner and absolute alcohol placement on the limbus are usually performed as adjuvant therapies. If pathological evaluation of the specimen reveals tumor cells at the conjunctival margin, additional surgery or postoperative adjunctive chemotherapeutic drugs may be used after surgery, including interferon alpha 2b (IFNα-2b), 5-fluorouracil (5-FU) 1%, and mitomycin C (MMC) 0.02-0.04%. MMC has also been used as an adjuvant agent intraoperatively [15, 46, 47] . Adjuvant therapies are used both pre-and postoperatively as recurrence rates are higher when margins have residual disease (> 50% in some studies [48] ), as compared to when margins are negative for tumor (5 to 33% recurrence frequency with follow-up of 15 years [48] ). Table 1 outlines all topical chemotherapy drops and associated side effects.
Interferon alpha 2b (IFNα-2b) Pharmacology
Interferons are leukocyte-derived proteins that can enhance phagocytic and cytotoxic mechanisms, inhibit biosynthetic enzymes, decrease blood vessel proliferation, induce apoptosis and inactivate viral RNA. Interferon α-2b (IFNα-2b) specifically is a cytokine containing 165 amino acid residues with immunomodulatory effects. Intralesional injections of IFNα-2b enhance the production of IL-2 and IFN-γ mRNA by the immune system and lower the production of IL-10. These mechanisms help in the recognition and targeting of neoplastic cells [49] . 
Treatment of OSSN
When used to treat OSSN, IFNα-2b for OSSN can be used as topical eye drops, subconjunctival injections, or a combination of both [50] [51] [52] [53] [54] . Topical and intralesional IFNα-2b can be used as primary or adjuvant therapies ( Fig. 2a and b ).
Dosage
Topically, the most frequently prescribed IFNα-2b dose is 1 million IU/ml. Typically, the medication is used four times a day without interruption until one or two more months after clinical resolution of the lesion. The average time for clinical resolution is about 4 months [10, 25, 50, 53] . Other doses, including 2 and 3 million IU/ml, have also been reported and are used in the same manner. In one study, a similar efficacy was found between the 1 million IU/ ml and 3 million IU/ml doses, with no statistically significant differences in clinical resolution and duration of treatment [53] . When used as a post-surgical adjuvant in individuals with positive margins, topical IFNα-2b 1 million IU/ml is administered four times daily for a duration of 2 months post-operatively [3] . Subconjunctival IFNα-2b injections (3 million IU/0.5 ml) are administered weekly until OSSN resolution (typically requiring 4 to 5 injections to achieve clinical resolution) [50, 52, 54] . Higher concentrations have also been reported, the highest being 10 million IU given monthly [25, 54] . Topical eye drops have the advantage of ease of use and a minimal side effect profile. Subconjunctival injections have more side effects than the drops (e.g. flu-like symptoms) but have the benefits of decreased out-of-pocket costs (because the medication is usually covered by insurers), quicker resolution, no need for compounding, and assured compliance [50] .
Side effects
When administered topically, IFNα-2b eye drops generally have minimal to no side effects. However, hyperemia and follicular conjunctivitis have infrequently been reported along with formation of epithelial microcysts [55] . The main side-effect associated with subconjunctival injections is a flu-like syndrome that lasts for approximately 48 h after administration of the injection. To lessen the severity of the side effects, 1 g of oral acetaminophen is administered at the time of the injection and then as needed until symptoms resolve [10, 25, 50, 52, 56] .
Efficacy and cost
Many studies have looked at the use of topical interferon as primary treatment for OSSN. In a study of 24 eyes using topical IFNα-2b (1 million IU/mL) 4 times daily, 22 patients (92%) had complete resolution with treatment and 2 patients (8%) (2/22) did not respond to treatment. The mean time to resolution was 3.25 months and the group was followed for a mean of 18 months [57] . In another case series of 22 patients (17 on IFNα-2b eye drops (1 million IU/mL), 1 receiving subconjunctival injections (10 million IU/ml), and 4 on a combination of therapy, 18 (82%) of tumors resolved completely with treatment and 4 (18%) showed a partial response [54] . In a study of 98 eyes, topical IFNα-2b (n = 49) was compared to surgical excision (n = 49). Of the 49 eyes receiving chemotherapy, 40 eyes were treated with topical IFNα-2b (1 million IU/ml or 3 million IU/ml), 1 received subconjunctival injections (3 million IU in 0.5 ml), and 8 eyes received both modalities. Recurrence rates were similar between the groups with a 1 year OSSN recurrence rate of 3% in the IFNα-2b group and 5% in the surgery group. In both treatment groups, side effects were mild [58] . Downsides of topical IFNα-2b include the need for refrigeration and the high costs to compound (approximately $600 for a month supply in the USA) [25] . In other countries, IFNα-2b may be quite inexpensive. In the USA, these compounded medications are generally out of pocket costs for the patient. Subconjunctival injections are usually covered by insurers and they are available commercially without the need for compounding. 
Alternative uses
IFNα-2b has been used to treat other types of tumors including cervical intraepithelial neoplasia, actinic keratosis and metastatic malignant melanoma [59, 60] . Interferon has also been used to treat infections such as chronic hepatitis B and C [61, 62] . In the field of ophthalmology, interferons have also been used to treat conjunctival papillomas, lymphoma, and conjunctival Kaposi sarcoma [63] [64] [65] [66] [67] .
5-fluorouracil (5-FU) Pharmacology
5-FU is a pyrimidine analog that blocks thymidine synthase, which inhibits DNA formation. This leads to a reduction in RNA, which causes poor cell growth and cell death [68] .
Treatment of OSSN
5-FU is a well-tolerated and effective agent in the primary treatment of OSSN as well as an adjuvant after surgical excision [69] [70] [71] (Fig. 3a and b) .
Dosage 5-FU is compounded as a 1% solution and is typically used in a cyclical pattern four times daily for a week followed by a 3 week holiday [69, 71] . This pattern makes one cycle, which is repeated on average of 4 to 6 cycles based on clinical response (noted by both slit lamp examination and HR-OCT imaging). Alternative regimens have been reported in the literature, including continuous administration of 5-FU 3 to 4 times a day for 4 weeks or administration of 5-FU for only 2 to 4 days with a 30 to 45 day drug-holiday. [45, 47, 70, [72] [73] [74] . 5-FU is preferably kept in refrigeration [69] .
Side effects
When comparing side effects of topical 5-FU with IFNα-2b, 5-FU has more side effects, most frequently pain and redness at the instillation side, but 5-FU has fewer side effects than MMC (discussed below). Other side effects of 5FU include eyelid swelling, conjunctival congestion, filamentary keratitis and rarely superficial stromal melting [25, 69, 71, 72] . To reduce symptoms, topical corticosteroids are used in conjunction with preservative free artificial tears. Punctal or canalicular stenosis can occur with systemic 5-FU treatment but not with topical 5-FU use [25] .
Efficacy and cost
In a study of 44 eyes, 5-FU 1% was used as a primary therapy for the treatment of OSSN, administered 4 times daily for a week followed by 3 weeks of no treatment for a mean of 4 cycles [69] . With this therapy, 36 eyes (82%) had complete tumor resolution, 4 (9%) had partial resolution, and 4 (9%) had no response. In those with a complete resolution, the recurrence rate was 11% (4/36) at 2 years with a mean follow up time of 10 months [69] . In another study of 22 eyes, 5-FU 1% was used four times a day continuously for 4 weeks as primary therapy of OSSN [70] and found that all eyes had complete tumor resolution. However, 3 eyes (14%) experienced a recurrence and were re-treated with additional doses of chemotherapy over a follow up time of 63 to 122 months [70] . A large study compared topical 5-FU 1% to topical IFNα-2b for the primary treatment of OSSN in over 100 patients [71] and found comparable results between the two drugs. 52 of 54 eyes (96%) had complete resolution with 5-FU 1% compared to 39 of 48 eyes (81%) with IFNα-2b [71] . A 1 month treatment of 5-FU costs approximately $38 in the US [25, 71] .
Alternative uses
5-FU can be used as treatment for colorectal cancer, actinic keratosis, as well as head and neck solid tumors [75] [76] [77] . 5-FU also has others uses in the field of ophthalmology, namely as an adjuvant agent in glaucoma, pterygium, and vitreoretinal surgery. It is also is used in the post-operative period to revive failing glaucoma blebs [78] .
Mitomycin C (MMC) Pharmacology
Mitomycin is an alkylating agent with antineoplastic/ antibiotic properties. It binds to DNA during DNA synthesis and causes inhibition of its synthesis and function [79] . At higher concentrations, MMC inhibits nucleotide synthesis which interferes with RNA transcription and protein synthesis. MMC is toxic to proliferating and non-proliferating cells by inducing apoptosis and inhibition of fibroblast migration [80, 81] .
Treatment of OSSN
MMC can be used as a primary treatment agent for OSSN [82] [83] [84] [85] but can also be used intraoperatively, as an adjuvant to excisional biopsy, and post-operatively in patients with positive conjunctival or deep margins [82, 86] (Fig. 4a and b) .
Dosage
When used as a primary therapy for OSSN, MMC is generally compounded into a concentration between 0.02 and 0.04% [25, [82] [83] [84] [85] 87] although one group used a lower concentration (0.002%) [88] . MMC is used 4 times daily for 1 week followed by 2 to 3 weeks of no treatment. The length of the holiday depends on how long it takes the eye to recover from the 1 week of treatment. Other regimens include 1 week on/1 week off, 2 weeks on with variable duration between cycles [10, 83, 89] , and 3 weeks of continuous therapy [87] . It is not known which of these concentrations and/or regimens is optimal in maximizing efficacy while minimizing toxicity [85] . MMC can also be used intraoperatively during tumor excision, typically soaked on a sponge at a concentration of 0.02% and applied to the conjunctival margins for a duration of 1~3 min [84, 90, 91] . Postoperatively, in patients with positive margins, MMC drops can be used after the surface heals. The dose and protocol during post-operative use is similar to that of primary use [92] . MMC refrigerated at a temperature of (4°C) [93] .
Side effects
MMC has more frequent and severe adverse effects when compared to IFNα-2b or 5-FU, including frequent pain and epitheliopathy. In addition, allergic conjunctivitis, hyperemia, ectropion [10, 94] , and punctal stenosis have all been described [95] . Due to the risk of punctal stenosis, punctal plugs should be inserted prior to initiating topical MMC [95] . The 2 to 3 week medication holiday in each cycle helps with patient comfort and compliance.
Efficacy and cost
A large randomized controlled trial of 48 patients with OSSN compared MMC use as primary therapy to placebo. MMC 0.04% (0.4 mg/ml) was administered four times a day for 3 weeks. In the 26 patients treated with MMC, 24 (92%) had complete clinical resolution and 2 (8%) had no response. In the placebo group, none of the 22 individuals responded to therapy over the 8 week study period [87] . In 18 eyes, MMC 0.02% was used four times a day continuously for 28 days as primary treatment for OSSN with complete resolution in all patients.
One recurrence was noted after 24 months [89] . In 20 eyes with OSSN (3 primary lesions and 17 recurrent lesions) treated with MMC 0.02% (n = 6) or 0.04% (n = 14) four times a day for an average of 2 cycles (1 week on/1 week off ), the mean time to resolution was 4.5 weeks in the 18 (90%) eyes with complete resolution. Overall, four recurrences were noted over an average follow-up period of 57 weeks, 2 of which were successfully retreated with MMC and 2 with alternative therapies [96] . In 7 eyes, MMC 0.04% was used for primary OSSN, given four times a day in cycles of 1 week on/1 week of until tumor resolution (average 2 cycles) [97] . Six eyes (85%) had complete resolution and 1 partial resolution with a mean follow up time of 9 months [97] . In a study comparing MMC 0.04 mg/ml to IFN 1 million IU/ml, similar rates of clinical resolution were found (92% with MMC with 89% with IFN); however, statistically significant shorter resolution times were noted with MMC (median 1.5 months) as compared with IFN (mean 3.5 months), p < 0.0005. Unfortunately, patients treated with MMC (88%) experienced significantly more adverse effects compared to those patients treated with IFN (12%), p < 0.0005 [98] .
Similarly, in a study that used either 5-FU 1% or MMC 0.04% for the primary treatment of diffuse OSSN, both 5-FU and MMC caused drug-related complications in approximately 58% of treated cases (7 of 12 cases with 5-FU and 23 of 39 cases with MMC). This study also showed that diffuse disease (involving > 5 limbal clock hours or extensive corneal spread) was recalcitrant to only one treatment cycle of either 5-FU or MMC and required additional treatment cycles [81] . As seen from these studies, MMC while effective has an unfavorable side effect profile; as such, authors of this paper preferto use IFN or 5-FU as initial treatment modalities, whenever possible. MMC is often reserved for more recalcitrant cases that have failed prior therapy with alternative agents. MMC costs about $100-190/cycle in the United States but is inexpensive outside of the US.
Alternative uses
MMC can be used for the treatment of squamous cell carcinoma of the bladder, gastric, pancreatic and colorectal carcinoma [99] [100] [101] [102] . MMC has other uses in the field of ophthalmology including as an adjuvant agent in pterygium, glaucoma, refractive, and oculoplastic (dacryocystorhinostomy) procedures [80] .
Retinoic acid Pharmacology
Vitamin A (retinol), and retinoic acid are involved in various cellular processes such as differentiation and growth. Retinoids have potent antineoplastic effects, including regulation of cellular growth by blocking cell maturation and modulating apoptosis [103] .
Treatment of OSSN
In limited studies, retinoic acid has been used alone or in conjunction with IFNα-2b for OSSN treatment [104, 105] . Given that most studies used it in combination with IFNα-2b, it is difficult to elucidate the independent effect of retinoic acid on OSSN [104] [105] [106] [107] .
Dosage
In one case report, topical retinoic acid 0.01% was applied once every other day for 9 months [107] . In another case, topical retinoic acid 0.01% was applied once every other day in conjunction with topical IFNα-2b until clinical resolution and then continued for a duration of up to 12 months [105] . Another study reported on retinoic acid ointment 0.05% used 1-3 times a day for 1 to 2 weeks [104] .
Side effects
Retinoic acid has been reported to cause eye lid irritation [104] , epithelial microcysts and marginal keratitis [105] ; however, side effects are overall mild.
Efficacy and cost
In the largest series to date, retinoic acid 0.01% was used in 89 patients once every other day in combination with topical IFNα-2b 1 million IU/ml drops 4 times daily.
Complete clinical resolution was noted in 98% (87/89) and partial response was noted in 2% (2/89). Four tumor recurrences were noted over a mean follow up of 4 years [105] . Another study reported two patients who used retinoic acid ointment 0.05%, applied 3 times a day for 10 weeks. Both eyes experienced complete tumor response within 4 weeks [104] . Each 5 ml of 0.01% retinoic acid costs approximately $75 USD.
Alternative uses
Retinoic acid has been used in the dermatologic field both topically and systemically to treat moderate to severe acne and psoriasis [108] . It can be used systemically in acute promyelocytic leukemia [109] . In the eye, it has been used to treat ocular consequences of vitamin A deficiency (e.g. keratomalacia) [110] .
Aloe Vera Pharmacology
Aloe plants demonstrate antiproliferative, immunostimulatory and antioxidant properties. Aloe consists of the molecules aloin and aloe emodin which mediate the anti-proliferative activity [111, 112] . Studies have shown that aloe emodin can induce apoptosis in vitro [112] . Acemannan is a D-isomer mucopolysaccharide in Aloe vera with immunostimulatory effects, likely inducing an anti-neoplastic outcome [111, 112] .
Treatment of OSSN
There has been one report on the use of skin Aloe vera drop as a primary treatment modality of OSSN [112] .
Dosage
Aloe vera oil drops were used three times daily for 3 months [112] . In this case report, a commercially available formulation of Aloe vera was used: Aloe Fleur de Jouvence (Forever Living Products; Scottsdale, AZ).
Side effects
No side effects were reported with the topical use of Aloe vera [112] .
Efficacy and cost
In this case, Aloe vera drops used three times daily led to a complete clinical resolution after 3 months. No recurrence was noted for 6 years [112] . One bottle of Aloe vera oil costs approximately $25.
Alternative uses
Aloe vera has been used orally and topically to treat different dermatological skin conditions (e.g., burns, frostbite, psoriasis, sunburn), osteoarthritis and other inflammatory processes [113] .
Cidofovir Pharmacology
Cidofovir is a monophosphate nucleotide analogue that demonstrates in vitro activity against a number of DNA viruses [114] . Its clinical activity has been widely demonstrated against cytomegalovirus infection. Since HPV has been implicated in the etiology of OSSN, the anti-viral effects of cidofovir may underlie the efficacy seen in the one published case in OSSN [115] .
Treatment of OSSN
One case report demonstrated the use of topical cidofovir as primary treatment for OSSN [115] .
Dosage
Topical cidofovir eye drops (2.5 mg/ml) were administered six times a day for 2 weeks, then four times daily for 2 weeks, and then three times daily for 2 weeks to treat diffuse superior tarsal OSSN. The majority of the lesion resolved and the remaining focal area of disease at the nasal edge of the tarsus was surgically excised with adjuvant cryotherapy. No recurrences were noted after 2 years of follow up [115] .
Side effects
In this one case, cicatrization of the inferior punctum was reported [115] . Ocular surface irritation, conjunctival erythema, and pain are the main side effects of topical cidofovir, which typically resolve after drop cessation.
Efficacy and cost
Cidofovir is a compounded medication and costs approximately $300-400 USD for one vial (75 mg/ml, 5 ml) in the US.
Alternative uses
Cidofovir has been used as a treatment for various DNA viruses. Topical cidofovir is used to treat herpes viruses, pox viruses, and papilloma viruses of the skin that do not respond to conventional therapies [116] . Cidofovir has also been applied to molluscum contagiosum and condylomata acuminata lesions. Oral cidofovir is used to treat mucosal neoplasms thought to have a viral etiology, such as squamous papilloma of the pharynx and esophagus and Kaposi's sarcoma [117] . In the eye, cidofovir has been used to treat CMV retinitis through intravitreal injections [117, 118] .
Anti-vascular endothelial growth factor (VEGF) Pharmacology
Anti-VEGF agents are monoclonal antibodies that block the interaction of vascular endothelial growth factor (VEGF) and its receptor, interfering with the growth of blood vessels [119] . Bevacizumab is a complete anti-VEGF antibody while ranibizumab is a fragment of the antibody [119] .
Treatment of OSSN
There have been a few case reports on the use of anti-VEGF agents as primary therapy in OSSN and as adjuvants after surgical excision [120] [121] [122] [123] . Therefore, their role in treating OSSN remains uncertain.
Dosage
Dosages of anti-VEGF therapy vary between studies. As primary therapy in OSSN, topical bevacizumab (5 mg/ ml) was given 4 times a day for up to 8 weeks [120] and subconjunctival/perilesional bevacizumab (2.5 mg in 0.1 ml) was given weekly for 2 weeks [121] . Lower concentrations of subconjunctival bevacizumab (1.25 mg in 0.05 ml) have also been reported [122] . In another study, subconjunctival ranibizumab (0.05 mg of 10 mg/ml) was injected once or twice a month for a period ranging from 6 to 25 months [123] .
Side effects
No side effects have been reported with the use of anti-VEGF agents in OSSN. However, bevacizumab may have inhibitory effects on corneal healing, especially when used in patients with epithelial defects [120, 124] .
Efficacy and cost
A few studies have looked at the role of anti-VEGF agents in the primary treatment of OSSN and as an adjuvant to surgery. In one study, ten patients with primary OSSN diagnosed by impression cytology received 2 perilesional/subconjunctival injections of bevacizumab (2.5 mg/0.1 ml), one week apart [121] . Of these ten patients, two eyes with conjunctival OSSN had complete tumor resolution while eight eyes with corneal OSSN had no significant change to the lesion. In another study of six eyes, topical bevacizumab (5 mg/ml) was given 4 times daily as eye drops for a period of 8 weeks [120] . Two patients (34%) had complete OSSN resolution while 4 (66%) had partial resolution and underwent excisional biopsy. No recurrences were noted after 6 months of follow up [120] . Another case series of five patients were treated with perilesional ranibizumab (0.05 mg of 10 mg/ml) once or twice a month for an average of 19 months (ranging from 6 to 25 months) [123] . Three (60%) had complete resolution and 2 (40%) had partial tumor resolution [123] . Intralesional bevacizumab (1.25 mg/0.05 ml) was also used in a patient with OSSN that failed treatment with MMC, 5-FU and IFNα-2b eye drops [122] . No change in OSSN was noted after the intralesional injection of bevacizumab [122] .
Alternative uses
Bevacizumab is approved by the FDA for the treatment of colorectal cancer [125] . In ophthalmology, it is used off-label in age-related choroidal neovascularization, proliferative and non-proliferative diabetic retinopathy, neovascular glaucoma, and anterior segment neovascularization [126] [127] [128] . Similarly, ranibizumab is FDA approved for the treatment of patients with wet agerelated macular degeneration, macular edema following retinal vein occlusion, diabetic macular edema, diabetic retinopathy, and myopic choroidal neovascularization.
Conclusion
In summary, great advances in the management of OSSN have occurred with the development of numerous topical therapies, and the ability to diagnose and follow the disease with HR-OCT. Fortunately, OSSN is a neoplastic disorder amenable to treatment with topical chemotherapeutic agents. The most commonly used agents in OSSN are IFNα-2b, 5-FU, and MMC, with robust evidence in the literature on their efficacy; less information is available on other agents such as cidofovir, anti-VEGF and retinoic acid. In the authors' clinical practice, 5-FU is used as first line therapy due to great efficacy, mild side effects and affordable costs. In the rare occasions that 5-FU does not work and causes side effects due to a fragile ocular surface, IFNα-2b is a great alternative due to a similar efficacy profile and milder side effects. Its use is often limited by cost and access to the drug. Interestingly, IFNα-2b may have decreased efficacy compared with 5-FU in patients with underlying immunosuppression [129] . In our center, MMC is considered a second line agent for OSSN when the others fail because of its unfavorable side effect profile, notably corneal toxicity, limbal stem cell deficiency, and punctal stenosis. Surgery is still an excellent option in patients with small lesions (< 4 clock hours) or with rapidly growing lesions and allows for rapid resolution of disease. Topical chemotherapy however, is preferred in large and multifocal lesions, allowing for complete treatment of the ocular surface and a decreased risk for subsequent limbal stem cell deficiency. With topical treatment, the duration is longer and requires compliance. Overall, eye care providers need to consider patient preferences, cost, and access to care when deciding on a treatment approach; however, the pendulum is swinging in favor of the use of topical drugs in the management of ocular surface squamous neoplasia.
